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(54) Oxide etch process with high selectivity to nitride suitable for use on surfaces of uneven 
topography 

(57) A plasma etch process is described for the 
etching of oxide with a high selectivity to nitride, includ- 
ing nitride formed on uneven surfaces of a substrate, 
e.g., on sidewalls of steps on an integrated circuit struc- 
ture. The addition of a hydrogen-bearing gas to C 4 F 8 or 
C 2 F 6 etch gases and a scavenger for fluorine, in a 
plasma etch process for etching oxide in preference to 
nitride, results in a high selectivity to nitride which is pre- 
served regardless of the topography of the nitride por- 
tions of the substrate surface. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an oxide etch proc- 
ess which is highly selective to nitride and, in particular, 
to an oxide etch process based upon C 4 F 8 or C 2 F 6 that 
exhibits high selectivity to nitride and which can be used 
on surfaces of uneven topology. 

2. Description of the Related Art 

A significant challenge in semiconductor fabrication 
is to etch silicon oxide in the presence of silicon nitride 
without also etching the nitride, i.e., while maintaining a 
high selectivity to the nitride. For example, in the case of 
an oxide layer located over a nitride layer, since both the 
oxide and nitride materials generally etch at the same 
rate in a typical f luorocarbon etch plasma, a process of 
providing additional selectivity to the nitride must be 
found. 

When a fluorine-substituted hydrocarbon, such as 
C 3 F 8 , is used as an etchant, the fluorocarbon radicals 
react in the plasma to form a passivating coating of car- 
bon-fluorine polymer which forms over the materials 
being etched. However, this polymer is dissociated by 
oxide atoms formed during the etch of the exposed 
oxide portions. Thus, as the silicon oxide continues to 
etch, the exposed silicon nitride portions etch at a much 
slower rate due to the presence of the passivating coat- 
ing. However, the passivating layer is also attacked by 
free fluorine atoms present in the plasma and, thus, the 
nitride also continues to be etched. As a result, a selec- 
tivity over about 8:1 of silicon oxide to silicon nitride is 
not achievable with such prior art etch processes due to 
the presence of free fluorine atoms in the plasma. Since 
state of the art devices having submicron dimensions 
require selectivity of over 10:1, and even 30:1, an etch 
process for etching oxide in preference to nitride with a 
selectivity of over 10:1 is highly desirable. 

Commonly-assigned U.S. Patent No. 5,423,945 
describes the provision of a scavenger for fluorine, such 
as a source of silicon or carbon, which, when used in 
combination with fluorine-substituted hydrocarbon etch 
gases, results in the formation of a carbon-rich polymer 
which does not dissociate over nitride surfaces. This 
result is apparently due to either the reduced free fluo- 
rine content in the plasma, or the reduced fluorine con- 
tent in the polymer, or both. In any event, use of a 
scavenger for fluorine in combination with fluorine-sub- 
stituted hydrocarbon etch gases results in an oxide etch 
having a selectivity to nitride of over 10:1, and as high 
as approaching infinity (i.e., no measurable nitride loss). 

More recently, an additional problem has been dis- 
covered in the case where at least the nitride surfaces of 
the nitride/oxide structure being etched are not flat, as 
for example, the sidewalls of a slot or raised steps such 



as, for example, nitride-coated polysilicon lines. 

This type of structure is illustrated in Fig. 1 wherein 
raised polysilicon lines 10 and 12, formed over a sub- 
strate 2, are coated with a conformal layer 20 of nitride, 

5 over which is formed an oxide layer 30 and a photoresist 
mask 40. When oxide layer 30 is etched, through mask 
opening 42 in photoresist mask 40, down to conformal 
nitride layer 20. nitride portions 22 on the sidewalls of 
raised polysilicon lines 10 and 12 are also at least par- 

io tially etched, indicating that the above-described protec- 
tive polymer is either not forming on the generally 
vertical surfaces (surfaces generally perpendicular to, 
or at least not planar with, the underlying substrate 2), 
or the protective polymer is being more readily attacked 

15 by the etchant gases on the non-planar surfaces than 
are the corresponding polymer portions formed on hori- 
zontal surfaces (surfaces generally planar to the under- 
lying substrate 2) such as nitride portion 26 between 
raised polysilicon lines 10 and 12. 

20 Commonly-assigned U.S. Patent Application Serial 
No. 08/145,894 discloses that the addition of one or 
more hydrogen -containing gases, preferably one or 
more hydrof luorocarbon gases, to one or more fluorine- 
substituted hydrocarbon etch gases in contact with a 

25 scavenger for fluorine, in a plasma etch process for 
etching oxide in preference to nitride, results in a high 
selectivity to nitride which is preserved regardless of the 
topography of the nitride portions of the substrate sur- 
face. Preferably, one or more oxygen-bearing gases are 

30 also added to reduce the overall rate of polymer deposi- 
tion on the chamber surfaces and on the surfaces to be 
etched. The application discloses examples of proc- 
esses based upon C 3 F 8 . CH 3 F and CO etch chemis- 
tries. 

35 

SUMMARY OF THE INVENTION 

The invention is defined in claim 1. Particular 
embodiments of the invention are set out in the depend- 
40 ent claims 2 to 18. 

We have found that the use of an etch gas mixture 
selected from C 4 F 8 +H 2 . C 4 F 8 +CH 3 F, C 4 F 8 +CHF 3 +H 2 
and C 2 F 6 +C 2 H 2 , at certain specified etch conditions, 
results in a process that is highly selective to nitride 
45 regardless of the topography of the substrate surface. 

A process in accordance with the present invention 
comprises contacting oxide with a mixture of gases that 
includes a fluorine-substituted hydrocarbon etching gas 
selected from C 4 F 8 and C 2 F 6 and one or more hydro- 
50 gen-bearing gases in the presence of a fluorine scaven- 
ger. 

A better understanding of the features and advan- 
tages of the present invention will be obtained by refer- 
ence to the following detailed description and 
55 accompanying drawings which set forth illustrative 
embodiments in which the principles of the invention are 
utilized. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partial cross-sectional view illustrating a 
typical structure to be etched by a process in accord- 
ance with the present invention, having uneven topogra- 5 
phy with oxide portions to be etched and nitride portions 
which are generally perpendicular to the underlying 
substrate. 

Fig. 2 is a cross -sectional view illustrating a pre- 
ferred etch apparatus suitable for use with a process in io 
accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is directed to an improved oxide is 
plasma etching process having a high selectivity to 
nitride which is suitable for use with uneven topogra- 
phies. The process uses an etchant gas mixture that 
includes a fluorine-substituted hydrocarbon selected 
from C 4 F 8 and C 2 F 6 with a hydrogen-bearing gas, at 20 
certain selected conditions, in contact with a scavenger 
for fluorine. 

The one or more hydrogen-bearing gases, which 
are added to the above-listed fluorine-substituted hydro- 
carbon etchant gases, may comprise hydrogen and/or 25 
one or more hydrogen-containing fluorocarbons. While 
the use of hydrogen (H2) is within the scope of the 
invention, it is preferred that a less flammable source of 
hydrogen be used. In a preferred embodiment, the one 
or more hydrogen-bearing gases consist essentially of 30 
one or more hydrofluorocarbon gases having the for- 
mula CH X F 4 . X , where x is 1-3. Most preferably, the 
hydrogen-bearing gas consists essentially of 
monofluoromethane (CH 3 F). 

The amount of hydrogen-bearing gas or gases 35 
added to the one or more fluorine-substituted hydrocar- 
bon etchant gases may range from as little as 1 volume 
percent (vol. %) to as high as 100 vol. % of the one or 
more fluorine-substituted hydrocarbon etchant gases. 
Preferably, the amount of hydrogen-bearing gas added 40 
to the fluorine-substituted hydrocarbon etchant gases 
will range from about 1 vol. % to about 30 vol. % of the 
fluorine-substituted hydrocarbon etchant gases. 

The amount of the fluorine-substituted hydrocarbon 
etchant gas, i.e., C 4 F 8 or C 2 F 6 , flowed into an etch 45 
chamber of, for example, about 8-10 liters in volume, 
may range from about 6-20 standard cubic centimeters 
per minute in the case of C 4 F 8 and about 5-25 seem in 
the case of C 2 F 6 . Those skilled in the art will appreciate 
that the flow rates are relative to the etch chamber vol- so 
ume and should be adjusted upwardly or downwardly, 
as the case may be, for larger or smaller etch chambers 
and in view of other process parameters, e.g. source 
power and bias power. 

The temperature of the substrate being etched will 55 
be maintained within a range of from about 10-1 10°C, 
and preferably will be maintained at from about 80- 
100°C. Temperatures below about 10°C are considered 
too low for practical operation of the etch process (since 
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the substrate tends to heat up during the etch process), 
while temperatures in excess of 110°C may damage 
other components present on the substrate, such as. for 
example, the photoresist mask. Those skilled in the art 
will appreciate that the temperature upper limit will be 
established by the photoresist utilized in the process. 

The pressure in the etch chamber during the 
plasma etch process will range from about 2-10 miiliTorr 
in the case of C 4 F 8 etch mechanism and about 7-50 mii- 
liTorr in the case of the C 2 F 6 etch mechanism. 

With respect to the need for the addition of a fluo- 
rine scavenger to the process of the invention, although 
the exact mechanism for the present process is not 
completely understood, and there is no intent to be 
bound by any particular theories of operation, generally 
when a f luorocarbon etch gas, such as C 4 F 8 or C2F6. is 
exposed to a plasma, various fragments are generated 
in the plasma, including free fluorine atoms, CF. CF 2 , 
and CF 3 radicals and the like. The fluorine is available to 
etch silicon oxides on a substrate. However, as dis- 
cussed above, during the course of the etch process, a 
polymer of carbon and fluorine is also formed that 
deposits onto the substrate, i.e., over both oxide and 
nitride surfaces thereon, forming a passivating layer. 
The polymer may contain about 30% by weight of car- 
bon and about 60% by weight of fluorine. Such poly- 
mers are attacked by oxygen atoms, and thus the 
oxygen atoms from the oxide layer will dissociate the 
polymer as it is formed, without interfering with the etch 
of the oxide. However, when no oxygen is present, such 
as when a non-oxygen-containing layer is reached, i.e., 
a nitride layer, the silicon oxide will continue to etch, but 
the passivated nitride layer will etch at a slower rate. 

However, the passivating polymer may also be dis- 
sociated by fluorine, and the continual formation of fluo- 
rine ions and radicals in the plasma will bombard and 
otherwise attack the polymer layer as well, causing the 
polymer to dissociate, whereupon the nitride layer will 
be etched as well by the plasma. Thus, the maximum 
selectivity of an oxide over nitride achieved prior to the 
process described in related U.S. Patent No. 5.423.945 
was about 8:1. 

However, reducing the fluorine content of the passi- 
vating polymer, and reducing the amount of free fluorine 
in the plasma, reduces the dissociation of the passivat- 
ing polymer. Thus, if a scavenger for fluorine, such as a 
source of silicon atoms or carbon atoms, is contacted 
with the plasma, silicon atoms or carbon atoms can 
combine with fluorine atoms, for example, to form SiF x , 
thus reducing the number of free fluorine ions in the 
plasma. The polymer deposited onto the nitride layer 
thus may have less fluorine atoms or more carbon- 
atoms arret a "carbon-rich"' pofymer may nesutt A car- 
bon-rich polymer is defined for the present purposes as 
a polymer that contains less than about 40% by weight 
of fluorine and over about 50% by weight of carbon and 
which is inert to fluorine-containing plasma etchants. 
Thus, when a carbon-rich polymer is deposited onto a 
nitride layer, almost no decomposition or reaction of the 
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carbon-rich polymer occurs, in turn providing an almost 
infinite selectivity for an oxide layer over a nitride. 

A source of sificon can be provided in several ways; 
for example, a silicon-containing gas, such as, for exam- 
ple: silane (SiH 4 ); a substituted silane, such as diethyl 
silane (SiH 2 (C 2 H4)2, SiF 4 , and the like; and tetraethyi- 
orthosilicate (hereinafter TEOS) can be added to the 
plasma. The silicon-containing gas decomposes to form 
free silicon which will scavenge free fluorine atoms 
resulting in the formation of a carbon-rich, carbon-fluo- 
rine polymer coating on the nitride layer which appar- 
ently is not attacked during the etch process resulting in 
a very high selectivity of the etch process to nitride. 

Another method of forming such a carbon-rich, car- 
bon-fluorine polymer is by providing a source of solid 
elemental carbon or silicon, e.g., a silicon mesh or a non 
porous surface, in the plasma area where the carbon or 
silicon acts as another electrode. 

A preferred method of carrying this out is described 
in commonly-assigned Collins et al. U.S. Patent Appli- 
cation Serial No. 07/941,507, filed September 8, 1992, 
the disclosure of which is hereby incorporated by refer- 
ence. In that application, an RF powered plasma etch 
chamber is described containing a source of free sili- 
con, which can be, for example, a third electrode made 
of silicon or other source of free silicon in contact with 
the p$ ( ?.s.ma. such as a silicon liner in the chamber walls. 
The toird electrode can also be made of graphite as a 
source of carbon atoms that can scavenge fluorine. 
Preferably, the temperature of such an auxiliary elec- 
trode is maintained within a range of from about 200°C 
to about 300°C. 

Providing a separate heated silicon source, as well 
as heated quartz sidewalls, in an etch reactor to pro- 
mote formation of the desired carbonfluorine polymer, is 
further discussed in commonly-assigned Rice et al. U.S. 
Patent Application Serial No. 08/138,060, filed October 
15, 1993, the disclosure of which is hereby incorporated 
by reference. 

The plasma generated during the oxide plasma 
etch process of the invention generally may comprise 
any plasma capable of being conventionally produced in 
a plasma chamber, or an adjacent chamber, for exam- 
ple, by providing a grounded electrode and a second 
electrode connected to a source of RF power. 

In a preferred embodiment, however, the plasma 
utilized with the oxide plasma etch process of the inven- 
tion is a high density plasma which may be defined as a 
plasma generated by an electromagnetically coupled 
plasma generator, in contrast to a conventional capaci- 
tively coupled plasma generator. Various examples of 
such electromagnetically coupled plasma generators 
are described in commonly-assigned Marks et at. U.S. 
Patent Application Serial No. 07/826,310. filed January 
24, 1992, the disclosure of which is hereby incorporated 
by reference. 

As stated in the above-mentioned Marks et al. 
application Serial No. 07/826,310, the term "electro- 
magnetically coupled plasma generator" is intended to 



define any type of plasma generator which uses an 
electromagnetic field, rather than a capacitively coupled 
generator, to generate a plasma. Such electromagneti- 
cally coupled plasma generators can generate a plasma 

5 having an ion density of greater than about 10 10 ions 
per cubic centimeter which is characterized herein as a 
"high density" plasma, which is the preferred plasma 
density for use in the process of the invention. 

Included within the term "electromagnetically cou- 

10 pled plasma generator", for example, is an electron 
cyclotron resonance (ECR) type plasma generator such 
as described in Matsuo et al. U.S. Patent No. 4,401 .054; 
Matsuo et al. U.S. Patent No. 4,492,620; and Ghanbari 
U.S. Patent No. 4,778,561 (cross-reference to which 

75 three patents is hereby made); as well as in an article by 
Machida et al. entitled "Si0 2 Planarization Technology 
With Biasing and Electron Cyclotron Resonance 
Plasma Deposition for Submicron Interconnections", 
published in the Journal of Vacuum Science Technology 

20 B. Vol. 4, No. 4, Jul/Aug 1986, at pp. 818-821. 

Also included in the term "electromagnetically cou- 
pled plasma generator" for example, is an inductively 
coupled helical or cylindrical resonator such as 
described in Steinberg et al. U.S. Patent No. 4,368,092 

25 or Flamm et al. U.S. Patent No. 4,918.031, cross-refer- 
ence to both of which patents is hereby made. 

Further included in the term "electromagnetically 
coupled plasma generator" for example, is a helicon dif- 
fusion resonator such as the plasma generator 

30 described in Boswell U.S. Patent No. 4,810,935, cross- 
reference to which is also made. 

Ogle U.S. Patent No. 4,948.458, cross-reference to 
which is also hereby made, describes yet a further type 
of electromagnetically coupled plasma generator com- 

35 prising a transformer coupled plasma generator. 

The RF source power level of such a high density 
plasma may vary from about 500 watts to about 5 kilo- 
watts (kw), depending upon the particular type of 
plasma generator, size of chamber, desired etch rate, 

40 etc. For example, using an ECR type electromagneti- 
cally coupled plasma generator in association with a 
etch chamber of about 6 liters and a desired etch rate of 
about 5000 Angstroms per minute, the power would typ- 
ically range from about 2 to about 3 kw. For an inductive 

45 type electromagnetically coupled plasma generator 
used in association with a 2 liter etch chamber and a 
desired etch rate of about 5000 Angstroms per minute, 
the power would typically range from about 1 to about 3 
kw. When a high density plasma is to be generated the 

so power density, i.e.. the power level relative to the volume 
of the plasma generating chamber, should be equiva- 
lent to a power level of about 1000 watts in a 4 liter 
plasma generating chamber. RF bras power is typrcatty 
applied to the electrode on which the substrate being 

55 etched resides, using the chamber wall as the ground 
and/or using another electrode as ground. Bias power is 
adjusted to yield negative DC bias of several hundred 
volts on the substrate being etched. Typical bias power 
is 600-1400 watts for a 200 millimeter diameter sub- 
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strate to yield 100-300 volts DC bias. 

Fig. 2 illustrates an etch apparatus suitable for use 
in the practice of the oxide plasma etch process of the 
present invention, wherein a reactor system 100 
includes a vacuum chamber housing 110, formed of 
anodized aluminum or other suitable material, having 
sidewalls 120 and top and bottom walls 130 and 140, 
respectively. A top wall 130 has a central opening 150 
between a lower chamber substrate processing section 
160B defined between sidewalls 120-120 and an upper 
chamber plasma source section 160A defined by a 
dome comprising dome sidewalls 17W and a dome top- 
wall 1 70T. The dome topwall 1 70T may be configured 
as an inverted single or double walled cup which is 
formed of a dielectric, such as quartz. 

The evacuation of the interior of the chamber hous- 
ing 110 (chamber 160) is controlled by a throttle valve 
180 in a vacuum line 190 which is inserted in the bottom 
wall 140 and connects to a vacuum pumping system 
210 comprising one or more vacuum pumps. 

Process gases can be supplied to the chamber 110 
by three manifold injection sources, G1, G2, and G3 
located, respectively, at the base of the source region 
160 A, at the dome top 170T, and peripherally about the 
substrate 5 to be etched. The overall gas flow is along 
path 34 from the chamber source region 160 A toward 
the substrate 5. and along path 36 from the substrate 5 
to the outlet manifold 330. and along path 37 from the 
outlet manifold 330 to the vacuum system 210. 

RF energy is supplied -to the dome adjacent dome 
sidewall 1 7W by a source comprising an antenna 300 of 
at least one turn or coil which is powered by an RF sup- 
ply and matching network 310. The antenna 300 is 
tuned to resonance, or resonated using lumped ele- 
ments, i.e., for example, capacitors, for efficient induc- 
tive coupling with the plasma source. A plasma is 
generated in the dome concentrated in the volume 
defined within the coil antenna 300. Active species, 
including ions, electrons, free radicals, and excited neu- 
trals, move toward the substrate 5 to be etched by diffu- 
sion and by bulk flow due to the gas flow generated by 
the gas manifold system G1 , G2, and G3. A bias energy 
input arrangement 410, comprising a source 420 and a 
bias matching network 430, couples RF energy to the 
substrate support electrode 320 for selectively increas- 
ing the plasma sheath voltage at the substrate, and thus 
selectively increasing the ion energy at the substrate. 

In the illustrated-embodiment, the chamber 1 10 fur- 
ther incorporates a unique, three-electrode arrange- 
ment which provides the fluorine scavenger associated 
with the plasma as described herein. The substrate sup- 
port electrode 320 comprises a cathode, the chamber 
side walls 120 comprises the anode, and a third elec- 
trode comprises a sacrificial electrode 17S located 
beneath the dome top plate 170T. This third electrode 
may be floating, but is preferably either grounded or 
connected to an RF power supply 400 and is preferably 
made of silicon or a silicon-containing alloy, or carbon 
such as graphite. Excess fluorine ions then interact with 



this third electrode to form SiF x or CF X , as the case may 
be, thereby reducing the total number of fluorine ions in 
the plasma. 

The following examples will serve to illustrate proc- 
5 esses in accordance with the invention: 

Example 1 

A 200 millimeter-diameter substrate comprising a 

w silicon wafer having a photoresist mask and a layer of 
silicon oxide beneath the mask of about 5000-10,000 
Angstroms thick over a silicon nitride layer deposited by 
LPCVD, and which, in turn was formed over steps on 
the silicon wafer, forming a structure similar to the one 

75 shown in Fig. 1 , was etched in an RF etch chamber as 
described above with respect to Fig. 2, and commer- 
cially available from Applied Materials, Inc. as a Cen- 
tura™ HDP Dielectric Etch System. A grounded third 
electrode made of silicon, and maintained in the etch 

20 chamber at a temperature of about 200°C, was used as 
the source of silicon comprising the fluorine scavenger. 
6-15 seem of C 4 F 8 was flowed into the chamber as the 
fluorine-substituted hydrocarbon etching gas, together 
with 0-10 seem of CH 3 F as the hydrogen-bearing gas. 

25 The pressure in the etch chamber was maintained at 
about 2-10 milliTorr during the etch and the temperature 
of the substrate was maintained at about 80-100 °C 
(depending upon the photoresist materials). The 
plasma generator power level was maintained at about 

30 1000-3000 watts. A D.C. bias voltage was maintained 
on the substrate during the etch by adjusting the RF 
bias power to 800-1800 watts. The roof and wall tem- 
peratures of the etch chamber were maintained at 100- 
220°C and 100-215 °C, respectively. Helium pressure 

35 was 7-15 Torr; chiller temperature was 10°C. The etch 
was carried out through the opening in the mask, 
thereby exposing the nitride layer beneath the etched 
opening in the oxide layer through the resist mask. In 
the case of each parameter identified above, the pre- 

40 ferred value is the midpoint of the disclosed range. 

The respective oxide and nitride layers, including 
the portions of the nitride layer on the sidewalls of the 
steps, were examined by SEM and the ratio of etched 
oxide to etched nitride, i.e., the selectivity of the etch 

45 process of the invention to nitride on the flat regions was 
found to be about 20-50:1, while the selectivity on the 
sidewalls of the steps was found to be about 20-30:1 . 



50 



Example 2 



A 200 millimeter-diameter substrate comprising a 
silicon wafer having a photoresist mask and a layer of 
silicon oxide beneath the mask of about 5OOO-?O,0CO 
Angstroms thick over a silicon nitride layer deposited by 
55 PECVD. and-which. in turn was formed over steps on 
the silicon wafer, forming a structure similar to the one 
shown in Fig. 1, was etched in an RF etch chamber as 
described above with respect to Fig. 2, and commer- 
cially available from Applied Materials, Inc. as a Cen- 
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tura™ HDP Dielectric Etch System. A grounded third 
electrode made of silicon, and maintained in the etch 
chamber at a temperature of about 200°C, was used as 
the source of silicon comprising the fluorine scavenger. 
5-2:: seem of C 2 F 6 was flowed into the chamber as the 5 
fluorine-substituted hydrocarbon etching gas, together 
with 25-35 seem of C 2 H 2 as the hydrogen-bearing gas. 
The pressure in the etch chamber was maintained at 
about 7-50 milliTorr during the etch and the temperature 
of the substrate was maintained at about 50°C. The 10 
plasma generator power level was maintained at about 
1600-2400 watts. A bias voltage of greater than 200 
volts D.C. was maintained on the substrate during the 
etch by adjusting the RF bias power to 1 1 00-1 600 watts. 
The roof and wall temperatures of the etch chamber 15 
were maintained at 1 75-21 0°C and 200-220°C, respec- 
tively. Helium pressure was 7-10 Torr; chiller tempera- 
ture was 10°C. The etch was carried out through the 
opening in the mask for about 1-2 minutes, thereby 
exposing the nitride layer beneath the etched opening in 20 
the oxide layer through the resist mask. In the case of 
each parameter identified above, the preferred value is 
the midpoint of the disclosed range. 

The respective oxide and nitride layers, including 
the portions of the nitride layer on the sidewalls of the 25 
steps, were examined by SEM and the ratio of etched 
oxide to etched nitride, i.e., the selectivity of the etch 
process of the invention to nitride on the flat regions was 
found to be about 1 00-200:1 , while the selectivity on the 
sidewalls of the steps was found to be about 40-80:1 . 30 

Thus, the process of the invention provides for the 
plasma etching of an oxide layer, in the presence of 
nitride, with a high selectivity to nitride which is inde- 
pendent of the position of the nitride layer with respect 
to the plane of the underlying substrate, by the addition 35 
of a hydrogen-bearing gas to a fluorine-substituted 
hydrocarbon etching gas used in connection with a fluo- 
rine scavenger. Furthermore, the etch rate may be 
increased, and the chamber wall deposits decreased, 
by the addition of an oxygen-bearing gas to the gas mix- 40 
ture during the etch process. 

It should be understood that various alternatives to 
the embodiments of the invention described herein may 
be utilized in practicing the invention, tt is intended that 
the following claims define the scope of the invention 45 
and that methods within the scope of these claims and 
their equivalents be covered thereby. 

Claims 

5C 

1 . A method of plasma etching oxide in the presence 
of nitride capable of exhibiting high selectivity to 
nitride, including nitride on uneven surfaces, the 
method comprising contacting the oxide with a mix- 
ture of gases including: si 

a) one or more fluorine-substituted hydrocar- 
bon etching gases selected from C 4 F 8 . CF 4 , 
C 2 F 6 , and C 3 F 8 ; and 



b) one or more hydrogen-bearing gases. 

2. The method of Claim 1 , wherein said said fluorine- 
substituted hydrocarbon etching gas comprises 
C 4 F 8 . 

3. The method of Claim 2, wherein said hydrogen- 
bearing gas comprises CH 3 R 

4. The method of Claim 3. wherein the etch chamber 
pressure is about 2-10 milliTorr. 

5. The method of Claim 2, wherein said hydrogen- 
bearing gas comprises CH 2 F 2 . 

6. The method of any of Claims 1 through 5, wherein 
said mixture of gases is contacted to the oxide in 
the presence of a fluorine scavenger. 

7. The method of Claim 6, wherein said fluorine scav- 
enger is selected from silicon and carbon. 

8. The method of Claim 7. wherein said fluorine scav- 
enger comprises a silicon solid in contact with a 
plasma of said mixture of gases and spaced from 
said oxide and nitride. 

9. The method of Claim 8. wherein said silicon solid is 
grounded. 

10. The method of Claim 8. wherein said silicon solid is 
maintained at a temperature within a range of from 
about 200°C to about 280°C. 

11. The method of Claim 1, wherein said hydrogen- 
bearing gas comprises C 2 H 2 . 

12. The method of Claim 1 1 , wherein said fluorine-sub- 
stituted hydrocarbon etching gas is selected from 
CF 4l C 2 F 6 , and C 3 F 8 . 

13. The method of Claim 12, wherein said fluroine-sub- 
stituted hydrocarbon etching gas comprises C 2 F 6 . 

14. The method of Claim 13, wherein the etch chamber 
pressure is about 7-50 milliTorr. 

15. The method of any of Claims 11 through 14, 
wherein said fluorine scavenger is contacted to the 
oxide in the presence of a f luroine scavenger. 

16. The method of Claim 1 , wherein said fluorine scav- 
enger is selected from silicon and carbon. 

17. The method of Claim 16. wherein said fluorine 
scavenger comprises a silicon solid in contact with 
a plasma of said mixture of gases and spaced from 
said oxide and nitride. 
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18. The method of Claim 17, wherein said silicon solid 
is grounded. 
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